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How to use these programs 


Each program is arranged as follows: 


1. On the left of the page, explanatory information and the 
‘execution sequence’, the sequence of keystrokes necessary for 
running the program. Results displayed are printed in gold. 


2. In the first column on the right hand side of the page, the 
sequence of keystrokes which make up the program. 


3. In the second and third columns on the right hand side of the 
page, the program in check symbol and step number form 
(see section on checking the program). 


Notes 


1. Where a key has more than one function, the relevant function is 
printed as the keystroke in the first column 
cos 


e.g. the keystroke [8] may appear as 8, cos or arccos. 


arccos Vv 
2. Thesymbol v within a program always refers to the key 
ChN/# 


3. Thesymbol # refers to [3] 


4. The abbreviation gin is ‘go if neg’ and so refers to the key [1] 
go if neg 


Entering the program 
To enter a program into the calculator: 


1. Press [av] [47] [2] [o] [o] Display shows step programmed 


go to at 00 in check symbol form as 
described below. 
learn 


2. Press [ar] No change in display. 


Press the sequence of keys for At each stage the step about to 
the program as shown in the __ be overwritten is displayed. 
first column of the program = When the machine is first 


page. switched on every step is zero. 
4. Press Normal number display is 
resumed. 
5. Press fay] [av] [2] [o] [0] The step programmed at 00 will 
go to be displayed. 


Checking the program 


Each of the programs in the library is shown in check symbol form in 
the second column on the right-hand side of the page. 


Press [av] repeatedly, and at each stage the check symbol will 
appear on the left of the display with the step number on the right. 
Ignore the four zeros in the display. 


e.g. A.0000 03 
check step 
symbol number 


After stepping through the program, press 


[ay] [a¥] [2] [0] [0] before execution. 


go to 
Finally, press and the program is ready for use. 


Correcting the program 


If the check symbol for a particular step number is not as indicated 
in the last two columns of the program page: 


L Press [a¥] [av] [2] 


go to 
followed by the step number if the appropriate step number is 
not already displayed. 


learn 


2! Press [av] 


3. Enter the correct keystroke. The display will then show the next 
step in the program. If this is also incorrect, enter the correct 
keystroke. At each stage, the step about to be overwritten will be 
displayed. 

4. When correction has been completed, press [ cice}. Any step 
which has not been overwritten will not be affected. 


5. Press [av] [a¥] [2] [o] [o] 


Note 
To restore normal use of the calculator after entering or checking 
the program, press 


Running the program 


Press the sequence of keys as shown in the program library in the 
execution sequence. Results displayed are printed in gold. 


PROJECTILES 


Position relative to point of projection after 
time t 


Vo = initial velocity 





xX =v,tcos 0 


y=vetsin 9 — 


Execution: 
6° / RUN/v, / RUN/t/ RUN/ x / RUN/ y 


In S.l. units; g taken as 9-81ms. 





PROJECTILES 


Range, maximum height and time of flight 


Fe 2M sin 6 
g 


28 sin 8 cos 6 


Ve sin? 6 


= 2 
H 2g 


Execution: 


6° / RUN /v, / RUN / time of flight / RUN / 
maximum height / RUN / range 


In S.1. units; g taken as 9°81ms7?. 





PROJECTILES 


Necessary angle of projection for given range 
with given speed of projection 


Rg 


sin 2a = a giving two possible angles a, and a. 


Execution: 
v/RUN/R/RUN/ of / RUN/ 05 


In S.l. units; g taken as 9°81ms 7. 
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R =P? + Q? + 2PO0 cos @ 


Execution: 
P/RUN/Q/RUN/o° / RUN/R 


Range: 0<a®° < 180° 


E may appear if a is close to 0° or 180° 


CONSTANT 
ACCELERATION 
MOTION 


u = initial velocity 

v = final velocity 

s = distance covered 
f = acceleration 

t =time 


v=utft 


ft? 
s=ut+-) 


Execution: 
t/RUN/f/RUN/u/ RUN/\y/RUN/ <> 





CONSTANT : 
ACCELERATION 
MOTION 


For notation see page 12 


v=/u? + 2fs 

Execution: 
u/RUN/f/RUN/s/RUN/,y 

This gives the absolute value of v; other 


considerations must be used to determine the 
correct sign. 
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CONSTANT 
ACCELERATION 
MOTION 


For notation see page 12 
v—u 
f 


v2.—-u" 
2f 


(i) t= 





s= 


Execution: 
v/RUN/u/ RUN/f/RUN/t/ RUN/s 





Execution: 
v/RUN/u/ RUN/t/ RUN/f/ RUN 


ple aod 
| (iii) et 
Execution: 


v/RUN/u/ RUN/s/ RUN/ RUN/f 








PLANETARY MOTION 


Kepler’s law:. 
orbit is an ellipse with sun at one focus. 
ea i. fice. Y., 
1+ecos6 1+ecos@ a(1+ecosé)’ 
b2 
ee =1-— oe 


Execution: 
6° / RUN/e/ RUN/p/ RUN /r 
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PLANETARY MOTION 


For notation see page 15 


Execution: 
6° /RUN/e/ RUN/b/RUN/* 
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PLANETARY MOTION 


For notation see page 15 


Execution: 
b/ RUN /a/RUN/@6° / RUN/+* 





DOPPLER EFFECT 
(non-relativistic) 


For sound waves, etc. 


< 


'o = observer velécity 

's = source velocity 

s = transmitted frequency 
o = Observed frequency 

c =velocity of wave 


> an < 


Given observed frequency, to find 
transmitted frequency. 


as CTV, 
f= (=) fo 
Execution: 
c/ RUN/v, / RUN/v, / RUN/f, / RUN /f, 
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DOPPLER EFFECT 
(non-relativistic) 


For notation see page 18 


Given transmitted frequency, to find 
observed frequency. 


Execution: 
c/ RUN/v, / RUN/v, / RUN/f, / RUN/ f, 
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DOPPLER EFFECT 
(non-relativistic) 


For notation see page 18 


Given both frequencies, to find source 
velocity. 


Execution: 
c/RUN/v, / RUN/ f, / RUN/f, / RUN/\ 
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DOPPLER EFFECT 
(relativistic) 
(Red shift or blue shift) 


f, = source frequency 

f, = observed frequency 

c = speed of light = 2°997925 x 10®ms"' 
v = speed of source 


6 =direction of motion of source relative to 
observer 


|] 
1 — cos 6 
Cc 


Execution: 


(i) v/RUN/c/RUN/6/RUN/f, /X/ 
RUN / ¢, 

(ii) v/RUN/c/ RUN/6/RUN/f, /+/ 
RUN / ¢. 





DOPPLER EFFECT 
(relativistic) 
(Red shift or blue shift) 


Source receding from observer at velocity v. 
Source frequency f,, observed frequency f,. 





Given v and one frequency, to find the other 
frequency. 


Execution: 
(i) v/RUN/c/ RUN/f,/X/RUN/f, 
(ii) v/RUN/c/ RUN/f, /+/ RUN /f, 


22 





DOPPLER EFFECT 
(relativistic) 
(Red shift or blue shift) 


To find v, given f, and f,. 


Execution: 
f, / RUN/ f, / RUN/c/ RUN/v 


If the wavelengths A, and A, are known: 


Execution: 
A,/ RUN /A,/ RUN /c/ RUN /y 


If v is negative, motion is towards observer. 
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RELATIVITY 


Fitzgerald contraction, time dilation 
and mass change. 


Execution: 

(i) v/RUN/c/RUN/T/X/RUN/T 
(ii) v/RUN/c/RUN/L/X/RUN/ 
(iii) v/ RUN/c/ RUN/M/=/RUN/W 
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Execution: — a 
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COMPOUND 


T = period 
k,= radius of gyration about pivot 
k, = radius of gyration about c.g. 
r = distance from pivot to c.g. 
| = length of simple equivalent pendulum 
T= 2tke |= Ke 
Vor 
Execution: 


r/RUN/k, /RUN/T/RUN/! 


In S.1. units; g taken as 9°81ms7. 
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kg +r 
r/ RUN/k, / RUN/T / RUN /| 


COMPOUND 
PENDULUM 


Notation as on page 26 


Use k, = 
Execution: 


CENTRE OF 
GRAVITY 

AND RADIUS OF 
GY RATION 


Straight Rod 


2 ? 
Ky = 12 
Execution: 
1/ RUN / Kk? 


Notation throughout this section: 


G = position of centre of gravity 
k,x = radius of gyration about x-axis through G 
ky, = radius of gyration about y-axis through G 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Triangular Lamina 





For notation see page 28 


ga bia be 
h2 
18 
_ bf + bib, + b3 
18 


Kix 
2 
ky 
Execution: 


b, /RUN/b, / RUN/d/ RUN/k2, /h/ 
RUN / k2, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GY RATION 


Rectangular lamina 


For notation see page 28 


b? 


2 ss 
Kx 12 


a2 


k2, = = 


12 


Execution: 
b/ RUN/k2, /a/ RUN/k;, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GY RATION 


Sector of circular lamina 





For notation see page 28 


2a sina 
a. 
3a 


7 in 2a 
k2, = a* ( _ sin ) 
4 7 2a 

Execution: 


a (in radians) / RUN /a/ RUN / ad 
RUN / k2, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Curved rod (arc of a circle) 





For notation see page 28 





ieee sin a 
Qa 
2 . 
2 a (, sin 2a 
Kee 2 (1 2a 
Execution: 


a? / RUN/a/ RUN/«/ RUN/\2, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Spherical shell 





For notation see page 28 


a= radius 
t = thickness 


Volume = 47a? t 


a. 
Ke = Koy = kz = 
Execution: 


a/RUN/ «2, /t/ RUN / volume 





CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Thin-walled tube 


oo X 





For notation see page 28 


a = radius 
| = length 
t = thickness 


Volume = 2zalt 


kd = 

a? |2 
2 = 2 =e 
Ky = Kee 212 
Execution: 


1/RUN/a/ RUN/t/ RUN/ volume/ RUN / 
k2,./ RUN / k2, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Solid cylinder 





For notation see page 28 


a= radius 
| = length 


Volume = za?I 


> 

2 2 
2 = = + i = k2 
Ky 4 12 Ke 
Execution: 


a/ RUN /k2, /1/ RUN /volume / RUN/k2, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Solid hemisphere 


separ 
Le) bl =|] so] re 
BPSIBLSRRSS 


(D>R 3 13, 
_stop__0_ 
# 





For notation see page 28 


3 
Volume = ae 


2 
5 


2 _ 83a? 
mw. 320 


DZ Ses 
Ko 


k 





Execution: 
a/ RUN / volume / RUN/ k2, / RUN/ ke, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GY RATION 


Solid spheroid 


axis of revolution 
x 


For notation see page 28 
(For sphere, a = b) 


2 
Volume = pals 
2b? 

5 
e a? + b2 
5 


Kx = 
yy 


Execution: 
b/ RUN/ k2,/a/ RUN / volume / RUN/ a 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GY RATION 


Solid cone 





For notation see page 28 


h = height 
a = radius of base 


2 
Volume = = 


2 => 
Kee 10 
2, = 3(4a? + h?) 

¥ 80 

Execution: 

a/ RUN /k:. /h/ RUN / volume / RUN /k?, 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Toroid (circular section) 





For notation see page 28 


Volume = 277ab? 


Execution: 


b/ RUN/a/ RUN/ volume/ RUN / 2, / 
RUN / k2, 





rel 5 33 
=e 
stop | 0 (35) 
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CENTRE OF GRAVITY 
AND RADIUS OF 
GYRATION 


Toroid (rectangular section) 


rad=a 


x 


ad 


For notation see page 28 


Volume = 2zatl 


t2 


2 = 22 4: 
Kxx = a 7 


2 t? |2 
a 
kw ott tp 


Execution: 
a/RUN/t/ RUN/k2./1/ RUN/ 2, 


Post-execution (to find volume): 
av /rcl/ X / 6:2831852 / =/ volume 
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PRESSURE FLOW 
MEASUREMENT 


Manometer 





pressure difference p, — p= gh(p,, — p) 


Execution: 


Pm / RUN /p/RUN/h/ RUN / 
pressure difference 


In S.I. units; g taken as 9°81 ms2. 
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FLOW RATES 


Pitot static tube 


u = velocity of fluid 
P = total pressure 

p = static pressure 
p = density 


3 /2(F —p) 
ai fer — PP 
p 


Execution: 
P/RUN/p/RUN/p/RUN/u 
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FLOW RATES 


Sharp edged orifice 


A = area 
Q =volume flow rate 
C, = discharge coefficient 


Q= AC,./2gh 
Execution: 
h/RUN/A/RUN/C,/ RUN/Q 


In S.I. units; g taken as 9°81ms 2. 
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FLOW RATES 


Venturi 


Subscript 1 refers to tube 
Subscript 2 refers to throat 
p = static pressure 

a = area 

u = velocity of fluid 

p = density 


Execution: 

a, / RUN /a,/ RUN/p/ RUN /p,/ RUN/p2/ 
RUN / u 

Restrictions: 

a, > a2 ,Pi1>P2 or 

ay < a2 Pi <P2 
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PIPE FLOW 


= length 


= diameter 
C; = skin inertia coefficient 


t 
D 


= density 
U,, = mean velocity 


p 


Cyp UZ, 


L 
D 


pressure drop = 2 


Execution: 
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PIPE FLOW 


Sudden expansion 


= 2 
Head loss = a= (i) 
Nua A, \? e 
A 2g ( *) (ii) 
Execution: 


(i) u,/ RUN /us/ RUN / head loss 


(post execution with / RUN / RUN / before 
entering new data) 


(ii) u,/RUN/RUN/A,/RUN/A,/ RUN / 
head loss 


In S.I. units; g taken as 9°81ms 2. 
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IDEAL PRESSURE 
RISE DIFFUSER 


Az 
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s 


A,/ RUN /A,/ RUN /u,/RUN/p/ RUN /Ap 


(A, >A, for +ve Ap) 


Execution: 


SLUICE GATE 





F.27=— (i) 


2h,2 


~ pth, +h) (ii) 


Execution: 
(i) ug/RUN/h,/ RUN/F.? 


In S.I. units; g taken as 9°81ms2. 


48 





>|e[a/a]o/ol - 


BStsssssaesses 
| 






a 
+ ° x< 


= 
i 
> lO] | [loo 











—_ 
™N 












No 
~ 












Sluice gate (cont.) 


(ii) hy/RUN/h,/ RUN / F.? 
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h,/ RUN /h,/ RUN / F.2 
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COMPRESSIBLE 
FLOW 


Perfect gas relationships: 


M = mach number 
Y = ratio of specific heats = 1-405 for dry air 


2) | epi Me 
¥, 2 


a(t eM) 
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0|-0 


fe) 

1 
Pp - (1-2 ye 
Po 2 


Execution: 
M/RUN/y/RUN ix / RUN /— / RUN I= 
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THERMODYNAMICS 


Polytropic process 


p = pressure 
v =volume 
n = index 


T = absolute temperature 
R = gas constant 


pv" = constant 


To find index or final pressure or volume 


‘ = V4 . 
(i) po=p, (7) 
1 
(ii) vo=v, (=) 
P2 


Po 
: Py 


(iii) n=— acs oe 
2 
oa() 
Execution: 


(i) n/ RUN /v,/ RUN /v2/ RUN /p, / 


(ii) n/*+/RUN/p,/ RUN /p,/ RUN /v, / 
RUN /v. 


(iii) / av / av /goto/1/9/p,/RUN/p,/ 
RUN /v,/ RUN /v2/ RUN /n 
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THERMODYNAMICS 


Polytropic process 


To find work 
work = P22 = Pi¥s (i) 
1—n 
~ R(T, —T,) (ii) 
1—n 


for a perfect gas 


Execution: 
RUN /n/ RUN / work 


(ii) R/RUN/T,/RUN/RUN/T,/ RUN / 
n/ RUN / work 








inside radius 


r, = outside radius 
shape factor 


length 


HEAT CONDUCTION 
SHAPE FACTORS 


Cylinder 


rj 
L 
F 


SeESss5BRPEREEPPEPPRERERE 





to/ RUN /r,/ RUN/L/ RUN/F 


Execution: 


HEAT CONDUCTION 
SHAPE FACTORS 


Sphere 


inside radius 
outside radius 


rj 
lo 
_ Arr; 
Tar 


F 


Execution: 
r;|/ RUN/r,/ RUN /F 



















D>R | 3 [14 
_stop 0 15 
| v1 A 16) 
goto 2 17 
| 0 | 0} 18] 
0 (019 
| | 20) 
RAG \ ueean 
be = lie 
| | [23 
ae 
ieee 2) 
ae 
ee ee, 
| | 28] 
po baa 
he 
Lt rat 
ba 
bs} 2aa3 
— 
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HEAT CONDUCTION 
SHAPE FACTORS 
Horizontal disc 


D = centre line depth 


r =radius 


© y 
8/5/8/3/3/8/8/5/8/8/2[=[s]2]/=[2/2/5) 
£4] 2] 2] 0 |0]ev] [co fen|u. foo] =| fo] - [rol 


2 Bree ee ree ia ex 





2:22 r 





ee 2°83D 


SSRNA gS RANA Sl5/9/9 318 
elaine Uel<vele | TT TTT 


r/RUN/D/RUN/F 


Execution: 
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ACOUSTICS 


Adding sound levels (and weighted sound levels) 
in dB (+ hourly average of sound level) 
(Log. r.m.s. addition) 


L,= 10 logo p= = 4:3429448 In - 


where P, = reference s.p.|. of 2 x 10° Nm? 


r 


Definitions: 
Noise level addition operator ® 


Lian 
L., ® Ly = 4:34294 In E lectea) 
Lh 
ce Fore )| 
Noise level subtraction operator © 


L., © ba = 434294 In exo ( an) 


Ln 
li Foe ) 


Weighting by time operator @ 


L, ® t, = 434294 In t, exp (saabea )| 


Averaging over time 


= 4 1 $ aaa; ) 
La = 434294 In 4 a1 t, exp l gaahea 
Pat, +1,+-*-+t, 
Weighting table (‘A’ weighting) 
f(Hz) W,(dB) | f(kHz) W,(dB) 
: 39 1 0 


2 1 
4 1 
8 1 










G 





a aE Bos el 
BISALBSI8 


a 
+1 0|xX O 
ZT 
_—_ C) 
Bass88 








~ 
ee 





bree thee 
[eee 





“stop 030 
[¥_ [asst 
Fo [0 }33) 


Pre-execution: 


/ av / av /goto/0/0/“ce/ av /sto/ 
to clear memory 


Execution: 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


Adding noise/sound levels: 


L,;/RUN/RUN/L,/RUN/RUN/L,®L,/L3/RUN/ 
RUN /L,® Ll, @L3--- 
Subtracting noise levels: 


L, / RUN /RUN/L,/RUN/—/RUN/L, © L, 
(add or subtract levels at will) 


Adding and weighting noise levels: 
L,/—/W,/RUN/RUN/L,--W,/L,/—/W,/ RUN / 
RUN /(L,—W,) ®(L,—W5,)--: (see table for W,) 
Post execution: 


/ ay / av /goto/1/4/ceE/ av / av /MEx/+/n/ 
RUN / Lweightea 


where n = no. of levels entered. 
Time averaged noise levels: 


L,/RUN/X/t,/RUN/L, ®t, /L,/ RUN/X /t)/ RUN / 
(L,;@t,) ®(L, @t,)--- 


Post execution: 


/ avy / av /goto/1/4/%ce/ av / av /MEx/+/t/ 
RUN /L., 


Hourly averaged noise level: 
Add 24 hourly levels using (i) then post-execution 
Post execution: 


/ avy / av /goto/1/4/%ce/ av / avy /MEx/+/24/ 
RUN /L,, 
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DECIBEL 
CONVERSION 


P. E 
Aas = 10 logio P. = 20 logio E. 
= 20 logio 2 
1 
P, = P, antilog4 “ 
E,=E, antilogyo 
l,=1, antilogys Se 


Neper conversion: 
Ep _ le 


2 Py Vase, i 


P, =P, exp 2A, 


E,=E, expA, 
lI, =|, expA, 
Ratio to dB or nepers: 
Execution: 
Po /+/P,/=/av/./x/ ie 
; /RUN/A 
E,/+/E,/= f n 
eee Te RUN / A... 


or I,/+/1,/=/ 
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2 


N 


N NMR 
KSSSSIBVBARSRVS sa 


2 
2 


stop 
A 


Xx 3 


stop 
goto 2 3 
[1 | 


ea a a iret 
PS) eB Siete al aioe 





7 


dB or nepers to ratio: 


Pre-execution: 


dB to ratio: av / av / goto /1/7/ first time only 
neperstoratio: av / av /goto/2/8/ every time 
Execution: 
GB to ratio: 
/X/P,/=/P, 
E,/=/E 

Aas / RUN /A,/RUN/r 4) 1 Es/=/ Eo 

or /1,/=/\,. 

or /=/°? 


Always use / = / even if no other result is required. 


nepers to ratio: 


A,,/ RUN /+ and continue with alternatives 
as above. 
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BEAM BENDING 


Beam with one fixed end and load W at free end 





2 





end slope = bib 
pe” El 
3 


.  _ WE 
end deflection = 3E] 





Execution: 


&/RUN/W/ RUN/E/RUN/1/ RUN / 
slope / RUN / deflection 
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_sto_| 2 00 
ee 
| x | - [02] 
_stop 0 03 
| + |G {04 


_stop | 0 |05 
| + |G |06) 
_stop 0 07 
|__| G | 08} 


_# | 3 (09) 
| 2 | 2110) 
| = [G6 |i1 
_stop 0 | 12 
pte | 4 [14] 
| + | A115) 


| 5 | 5] 16) 
Meas Cail: 
rel 518 
Liha 1a 
_stop 0 20 
| vy | Ali 
0 0 (23 
| 0 | 0} 24) 
Ld | 28H 
|| 26 
er ie 
| | [28 
| | 29) 
| | {30} 
| | 3 








BEAM BENDING 


Beam with one fixed end and distributed 
loading W 





end slo eae 
Oe aet 


3 
end deflection = Wwe’ 
8El 


Execution: 


2/RUN/W/ RUN/E/RUN/1I/ RUN / 
slope / RUN / deflection 





BEAM BENDING 


Simply supported beam with central load W 


end sl e= We 
sope” T6E! 
wes 


central deflection = 48EI 


Execution: 


2/RUN/W/RUN/E/RUN/1I/RUN/ 
end slope / RUN / central deflection 
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BEAM BENDING 


Simply supported beam with distributed 
loading W 


Q 
end slope = DAE] 


. _ 5wee 
central deflection = 384] 


Execution: 


&/RUN/W/RUN/E/RUN/1/RUN/ 
end slope / RUN / central deflection 





ek oS o!1o 
Ny = ~N WIN 


_stop 013 


0 [0/24 
0/025 
T__[_[26 
[a7 


BEAM BENDING 


Beam fixed at both ends with load W at a 
distance from end A 








Wb2a 
Q2 
Wa?b 


Mea = 


R=atb 


Execution: 


b/ RUN /a/RUN/W/ RUN /2/ RUN / \y../ 
RUN / \y\.. 
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BEAM BENDING 


Beam with two fixed ends and central loading W 








Fixed end moments 


we 
Mea = 


8 


Wk 
vi =—— 


8 
Central deflection 
_ Wwe 
d= T9261 
Execution: 


W/ RUN /£/RUN/E/RUN/1/RUN/Mea / 
RUN / Mee / RUN/¢ 






n 
sumed ieee 
@|@| - Jer|>|a| + blo] - bo polo 









_ Oo iO 
sesesssageses 


—_ 


stop 


stop 


Loaooane 


NO 
_ 


NO — 
oO N NO 


MEx 2 


er >| 


N 


38 


F 
| — | F {24 
_stop 0 25 
Ez 
_stop 0.27 
rel 5 |28) 
stop 








goto 





BEAM BENDING 


Beam between two fixed ends with evenly 
distributed total load W 





Fixed end moments 


We 
12 
_ We 
“412 


Nap, = 


Mee 


Central deflection 
_ wes 


d= 38461 


Execution: 


W/RUN/&/RUN/E/RUN/1/ RUN/ M3 / 
RUN / Vieg/ RUN/<a 
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BEAM BENDING 


Beam with one fixed end, one pinned end. 
Effect of rotation at fixed end. 





M = applied bending moment 


nd slo pa 
eC SEY 
Execution: 


M/RUN/&/RUN/E/RUN/I/RUN/ 
end slope 





hECOEECCEE SEA 


So Gg © 
RS saiaaxsstasss 








N 
o1 


2 


NO 


NO 


N NOON NM 
oO, O CO N OD BW NM 


wo 


wo 
—_ 





w 


E38 


3 
3 


wo 
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BEAM BENDING 


Beam with one fixed end and one pinned end 
— effect of rotation at pinned end 





Moment at fixed end A, = Mea -5 


_ Mg 
end slope 6 = 4El 


Execution: 


M/RUN/2&/RUN/E/RUN/1I/ RUN / 
end slope 
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| 0 | 0/13 


2.0) 

a 
Sn I 
Wa a) 
ewer] 
ba cess 
psd tsi bene] 20) 
ee ease 
Fo in eel 
pe | 123) 
ae a) 
|_| 25) 
peak Eh 2 
ee 
|S ge 
| | 29) 
| | 30) 
PE EE) 
Wore aaa 
| 188) 
| | 34 
ae ES 
















BEAM BENDING 


Effect of end displacement on beam fixed at 
both ends 





Moments at fixed ends due to displacement 5 


_ +6E15 


Mea = Meg @ 





Execution: 
E/RUN/I/ RUN /6/RUN/&/RUN/\V.,, 





STRUTS 


Critical load — strut with two pinned ends 


pinned ends 


ie +: 


TE | 


Po. = Critical load = Z 





Execution: 
£/RUN/E/RUN/1I/RUN/P... 
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_stop | 0/11) 
| Medizal 2 
_stop__ 0 | 13 
ee EE) 
_stop 0/15 
| vy | A416) 
| 0 | 0118) 


0 (0/19 
eet e 
= ast = Lu 
ae aE?) 
| | 23) 
| 24! 
| || 25] 
|_| ast 
| oa cee 





STRUTS 


Critical load for strut fixed at one end, pinned 
at other end 


pinned fixed end 
a StS ~ 


_ Qn? El 


crit. Q2 





Execution: 
&/RUN/E/RUN/I/ RUN /P., 











Fs0p 015 
Px fe 
"stop 017 


alee eee ae 
Ee wate 
| af Pal 2 
9 sah des 
aS 
eet aoee 
| | 28] 
| | 26 | 
| | 27 
| | 28) 
bce bee 
pooh 
cca A 
| | 82. 
beecegee 
hee 
Leche 
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STRUTS 


Strut with two fixed ends 


fixed ends 


ge ee 


_ 4n7 El 


ott. 92 


Execution: 
2/RUN/E/RUN/I/ RUN /P.,, 





| + |G |o0| 

_# | 3 01 
6. 
A 







02) 
A 03, 
2 104) 
8 05) 
3 06. 
2 07) 

G [08) 
| x: [09] 
Le a 
_stop | 0 (11 
a 42 
_stop | 0/13) 
| = [—|14) 
_stop 0 15) 
|v [A [16] 
: oe. 


N 
~ 


STRUTS 


Critical load for strut with one fixed end and 
one free end 


fixed end 


<p 


free end 


Ela? 


Pow. (2g) 


Execution: 
2/RUN/E/RUN/1I/RUN/P._, 








TORSION OF THIN 
WALLED TUBE 


Torque = 2mr°t G - 


0 
—_— . 1 h = 
= twist per unit lengt = length 


Execution: 


r/ RUN /t/ RUN/G/ RUN (41 RUN / 
torque 
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angular deflection 


Xx 







n n 

HB olen sie 
Tb TD 

OND Ow > Io 0 ooo we a. o| + 


n 
a 
o 

Tv 





D>R 
stop 


‘ 


3} 1 


goto 2 


2ERe8 soscsseesaeeses 
pun sisssisasiasss88eaialsias 


NNN NY 
ON OO 


eee 


Ww 


eses 
WIN |—|O 


CYLINDRICAL 
PRESSURE VESSEL 


pd 
Longitudinal stress o, = & 


d 
Hoop stress o, = 5 


Execution: 
p/RUN/d/RUN/t/ RUN /o, /RUN/o, 





2) 
Lu 
“ 
Y 
Liu 
oc 
ae 
Y 
x< 
Lud 
od 
ou. 
= 
O 
O 


cos 20 


x — Dy 
2 





0 
q: 


0, +o, 





sin 26 


0x — Oy 


Execution: 


Sos 
> 
<4 

— 
% 

= 

S 

~ 

> 


o,/+/0,/RUN/6/RUN/ 


MEx/ RUN / ; 





/ 


For angle @ in degrees use / av / av /D>R 


after entering 0 each time. 


/ after third / RUN / 


For negative 6 use / — / 


to give correct sign of 79. 
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at 





COMPLEX STRESSES 


4 


0g =T sin 20 

Te = —T cos 20 

Execution: 

6 /RUN/7/ RUN/7e/ RUN / 0% 

For @ in degrees insert / v / D>R / at start of 


program or use / av / av /D->R / after 
entering 0. 


For negative 6, use / — /=/ after third / RUN / 
to give correct sign of dg. 


ft Frefon | Joo] Jefe |t [a feo fmf | - fs 
— i i | oO Q1G 
B iW IN | ~S W IN 








ELASTIC STRAIN 
ENERGY 


Elastic strain energy: 


(i) In tension 


(ii) In torsion 


Execution: 


(i) o@/RUN/E/ RUN /energy 
(ii) +/RUN/G/ RUN /energy 
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SECTIONAL MODULI 


Z, = elastic section modulus 
Z, = plastic section modulus 


shape factor S = 2. 
2. 


Solid rectangular section 


Axis Cy: i4= 





Axis C,: 


Execution: 


b/RUN/h/RUN/2Z, for C, / RUN /Z, for C, / 
RUN /Z. for C, / RUN / Z, for C, 





cd 
| 5 F402 


stop 


(7) 


8] [2]9] | |e[o]o/e]>|=|4] 9] -lofelale 


— 


N = ay Py Oo oO 
° NO WIN) =O x ao Bio 


sto 
rc 


= a 


514 


1 


x< 


n 
To 





a 
NN 
WN) 


~N 
N 


oo 


| xX |: [25] 
_stop 0 26 
2 
1 11/2 
| + | A} 29} 
| 5 [5/30 

 — 131 
“stop | 0/32 
= ee 
= tee 
| = |—|35} 
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Nh 
8 










BN 










ELASTIC AND 
PLASTIC SECTIONAL 
MODULI 


Thin walled rectangular box 





(t small compared to h and b) 


Axis Cy : Z,=bt(h+2) 





Execution: 


h/RUN/b/RUN/t/RUN/Z./ RUN /Z,/ 
RUN /S 


82 


| 1-421] 
| ¥ [a |22| 
a Gs 





ELASTIC AND 
PLASTIC SECTIONAL 
MODULI 


Solid circular section 


4 

3 
gt 
31 


Zp 
S = = = 1697653 


Execution: 
r/RUN/ z,/ RUN lke 





X 


Bs co Ca i Be st al al 
oO oO 
FARGSTSESEISRLISSES 


Ee 


e518 
== 19 
“stop 0-20 
Dv [At 
goto |2 (22 








ELASTIC AND 
PLASTIC SECTIONAL 
MODULI 


Thin walled circular tube 


(t small compared to r) 
Z, = 7rt 
Zp = 4rt 
4 
T 


S = —= 1:273240 


Execution: 
r/RUN/t/RUN/Z, /RUN/Z,, 


84 










He 
eis 


n 
rn 
°o 

Tc 
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St 2 
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fe 
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n 
rad 
9° 

Tb 





| | | felols|>/o) 1 |m{m]ar]olea] >| 1 |] co] |e 


N 


NOMI NIN Nh en saad —s fab oO 
on) &) OO} NM) © coOi—N WN | 


a wn 
° oO +/+/6 
° To is 





poet =|" -}26 
be Ie 


ELASTIC AND 
PLASTIC SECTIONAL 
MODULI 


Thin |-section 


2t, 


rte 


Fstop [0 [13 
, ~ Talia 
| aot igo 


(thickness small compared to overall dimensions) 





4 b7t 
Axis C, : Z.= = 
b*t 
£,= 5 f 
S=1°5 
Execution: 


b/RUN/t,;/RUN/Z, / RUN /Z, 








ELASTIC AND 
PLASTIC SECTIONAL 
MODULI 


Thin |-section 








h 
Axis C,: Z.=h(bt+% ) 
hs 
Zp=h (ot °F ) 
brat 
4 
a hs 
+ — 
bt 6 
Execution: 


h/RUN/S/RUN/b/RUN/t/RUN/Z,/ 
RUN / 2, / RUN/S 
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